Studying the population of faint hard X-ray sources along the plane of the Galaxy is challenging because of high-extinction and crowding, which make the identification of individual sources more difficult. IGR J18293-1213 is part of the population of persistent sources which have been discovered by the INTEGRAL satellite. We report on NuSTAR and Swift/XRT observations of this source, performed on 2015 September 11. We detected three eclipsing intervals in the NuSTAR light curve, allowing us to constrain the duration of these eclipses, ∆t = 30.8
INTRODUCTION
The INTEGRAL mission (Winkler et al. 2003) has been surveying the hard X-ray sky for more than a decade, detecting close to a thousand sources (see Bird et al. 2016 , for the most recent catalog). About half of these detections are in the direction of the Galactic plane (|b| < 17.5
• , Krivonos et al. 2012 ) and among those, two dozen sources are reported as unidentified persistent sources, with a 17-60 keV flux below the 0.7 mCrab limit of the INTEGRAL survey (e.g. Lutovinov et al. 2013) . The goal of the 'Unidentified INTEGRAL sources' legacy program conducted by the Nuclear Spectroscopic Telescope Array (NuSTAR) is to take full advantage of the better sensitivity and the higher spatial resolution of this instrument to investigate these faint persistent sources E-mail: maica.clavel@ssl.berkeley.edu (MC) using detailed spectral and variability analyses. These individual identifications will help to characterize the population of faint hard X-ray sources in the Galaxy by improving the completeness of the current sample.
Faint Galactic sources with hard X-ray spectra are likely to be either Cataclysmic Variables (CVs), Low Mass X-ray Binaries (LMXBs) or High Mass X-ray Binaries (HMXBs). These three types of sources are accreting compact binaries. However, the nature of the accretion onto the compact object, a white dwarf for CVs and a neutron star or a black hole for LMXBs and HMXBs, is responsible for different orbital parameters and different emission processes. These differences can be used to discriminate between these three categories of hard X-ray sources (see Kuulkers et al. 2006; Tauris & van (Krivonos et al. 2010 Bird et al. 2016) . A Swift/XRT position and spectrum were also obtained for this source (Landi et al. 2010) and its Chandra and near-infrared counterparts have been identified (Karasev et al. 2012) . However, these observations did not allow for a conclusive identification of the nature of this source. IGR J18293-1213 was therefore part of the list proposed for the 'Unidentified INTEGRAL sources' NuSTAR legacy survey and was the first one to be observed with NuSTAR and Swift/XRT as part of this program. In the present paper, we describe the corresponding observations and data reductions (Sec. 2). The new constraints we obtained using both the light curve (Sec. 3.1) and the spectra (Sec. 3.2) of IGR J18293-1213 are sufficient to identify this source as an Intermediate Polar (IP, a subcategory of CVs), and to constrain the orbital parameters of this system (Sec. 4). These results are discussed in Sec. 5.
OBSERVATIONS AND DATA REDUCTION

The
NuSTAR legacy program observations of IGR J18293-1213 were performed on 2015 September 11, and are summarized in Table 1 . Our data set is composed of two observations made with the two co-aligned X-ray telescopes on board the NuSTAR mission, both of which cover the 3-79 keV energy range (Harrison et al. 2013) . We also obtained a short observation with the Swift (Gehrels et al. 2004 ) X-ray telescope (XRT; Burrows et al. 2005) covering the 0.5-10 keV energy range.
NuSTAR
We reduced the NuSTAR data using NuSTARDAS v.1.5.1 which is part of HEASOFT 6.17, setting saamode=strict and tentacle=yes in order to better remove the time intervals having an enhanced count rate due to the contamination created by the South Atlantic Anomaly (SAA).
Further cleaning of the SAA contamination
The SAA contamination was not fully removed by the automated procedure and could be seen as multiple periods with increased count rates. In order to remove the corresponding periods from the Good Time Intervals (GTI), we extracted the light curve of the whole detector for both NuSTAR focal plane modules (FPMA & FPMB), using a binning of 10 s. We then removed from the GTI all bins which had an exposure fraction lower than 0.8 and all continuous bins which were at least 1.5 σ above the average count rate, simultaneously in both FPMA and FPMB. This last step was iterated twice in order to correct for any artificial increase of the average count rate created by the SAA contamination.
Light curve and spectral extraction
We extracted the source light curves and spectra from a circular region having a 60 radius and centered on the Chandra position of IGR J18293-1213 (R.A. = 18 h 29 m 20.16 s , Dec. = −12
• 12 50.7 , J2000) 1 . The background light curves and spectra were extracted from a circular region having a 100 radius and located at the other end of the source detector chip.
We applied the barycenter correction to the photon arrival times by setting barycorr=yes, to create both the event files used to constrain the variability of the source, and the light curves. Unless stated otherwise, the source light curves are not background subtracted, but are presented along with the background light curves scaled to the area covered by the source region. The source lightcurves are shown with the gaussian 1 σ error bars which lead to an underestimation of the corresponding uncertainties for small bins at low count rates (e.g. during the eclipse periods, Fig. 1 , bottom panel). However, these error bars are only used for display purposes, while variability studies are mainly based on the event files (Sec. 3.1).
The spectra were extracted after removing the eclipse time intervals (Sec. 3.1) from the GTI to improve the signalto-noise ratio. Then, each spectrum was grouped to reach at least a 5 σ significance in each energy bin, except for the highest energy ones for which we have a significance of 3.3 σ (31.72-79 keV) and 3.2 σ (25.96-79 keV), for FPMA and FPMB, respectively.
Swift
The Swift/XRT was operated in Photon Counting (PC) mode and the corresponding data were reduced using HEA-SOFT v6.17. For the source, we extracted a spectrum from a 30 radius centered on IGR J18293-1213. We also made a background spectrum using an annulus with inner and outer radii of 60 and 300 , respectively. We obtained a source count rate of 0.029 ± 0.004 cts s −1 (0.5-10 keV). We used the most recent response matrix for a spectrum in PC mode (swxpc0to12s6 20130101v014.rmf), and we used xrtmkarf with an exposure map to make the ancillary response file. Finally, we grouped the spectrum by requiring bins in which the source is detected at the 3.4 σ level or higher except for the highest energy bin (6.3-10 keV) which has a significance of 1.9 σ.
NEW CONSTRAINTS ON IGR J18293-1213
Using the NuSTAR light curve of IGR J18293-1213 we are able to put strong constraints on the eclipse parameters (Sec. 3.1). This is the first time eclipses have been reported for this system. The Swift and NuSTAR joint spectral analysis give additional constraints on the nature and the parameters of this binary system (Sec. 3.2).
Light curve including eclipses
The source and background light curves are presented in Fig. 1 (top panels) . Within each NuSTAR module, the source count rate is compatible with a constant emission (∼ 0.25 cts s −1 ), apart from three intervals during FPMA and FPMB individual light curves sampled with a bin size of 100 s. Bottom panels: zoom-in on specific periods of the NuSTAR average light curves sampled with a bin size of 30 s. The time reference corresponds to the first bin of our observation. The gaps in the light curves are due to the Earth occultation and/or to the SAA passages. The red shade highlights the three eclipses covered by our observations as defined by the Bayesian block analysis (Sec. 3.1). The blue shade highlights the simultaneous Swift/XRT observation, which does not cover any eclipse.
which its flux drops to the background emission level (∼ 0.016 cts s −1 ).
Bayesian block analysis
In order to get precise start and stop times of the eclipsing periods (i.e. independent of the light curve binning) we used the source event file including all events detected in FPMA or FPMB during their common GTI, and relied on the Bayesian block analysis described by Scargle et al. (2013) and provided by P. K. G. Williams 2 . This method models the continuous light curve (i.e. ignoring the numerous gaps present in our data set) with a succession of blocks having constant count rates, and it finds the optimal location for the transition times. The overall description of the light curve 2 https://github.com/pkgw/pwkit/blob/master/pwkit/bblocks.py depends on the probability of detecting a fake extraneous block. The parameter p0 is an estimation of this probability and it was set to 0.05 for our analysis. Among the ten blocks we detected, only three are compatible with the background level. The corresponding time intervals are given in Table 2 , and they match the three low count-rate periods seen in the light curves (Fig. 1) .
Eclipse parameters
The Bayesian block description ignores the observation gaps, so only the transitions detected within a continuous observation interval can be used to derive the parameters of the eclipsing signal. In particular, the three eclipses we detected are only partially covered by the NuSTAR effective exposure (Fig. 1 , bottom panels, and Table 2 ). Therefore, assuming that the eclipsing signal is periodic, we used the starting Fig. 1 ): they cannot be used to derive the eclipse parameters.
times of the first and third eclipse and the ending time of the second eclipse in order to derive the eclipse properties.
The Bayesian block analysis does not provide any uncertainty for these transition times. However, in the present work these uncertainties are dominated by the systematic error linked to the shape chosen to fit the eclipse (Fig. 1 , bottom panels). Using the unweighted light curve with 30 s bins, we tested models including a linear transition between the detection and the non detection periods. A slow transition of about 500 s seems to be relevant to fit the shape of the first eclipse we detected, leading to a starting time shift of about 90 s. For the others, the transition seems to be faster (less than 100 s) and the transition time is better constrained. However, the second eclipse may not have sufficient coverage to properly fit a linear transition, and, adding information from the third eclipse, we constrained the stopping time shift to be less than 290 s. Therefore, we fix the systematic errors to be tstart Table 2 .
Using these values and their systematic errors, we obtained the duration of the eclipse, ∆t = 30.8
+6.3
−0.0 min, and the signal period, T = 6.92 ± 0.01 hr. The eclipse profile obtained by folding the light curve on IGR J18293-1213's orbital period T is shown in Fig. 2 . A shorter period is excluded by the detection of the source within at least one of the putative additional eclipse intervals, e.g. the detection in the 46300-47700 s interval excludes the possibility that the period is twice as short (Fig. 1, top panels) .
The short orbital period we detected for IGR J18293-1213 is a strong indication that this system is either a CV or an LMXB. Indeed, the majority of known CVs have orbital periods of a few hours and LMXBs of the order of a day or less, while HMXBs are generally observed with orbital periods of a few days or more (e.g. Kuulkers et al. 2006; Tauris & van den Heuvel 2006) .
Upper limit on spin modulation
Modulations at the spin period, caused by the variation of photoelectric absorption and/or self-occultation, have been observed in several CVs. In order to search for such a short periodic signal, we made NuSTAR light curves in the 3-24 keV energy range using 0.05 s time bins and combining the counts from FPMA and FPMB. We extracted counts from the same source and background regions used for spectral analysis. We also used the same GTI as for the spectral analysis; thus, the eclipse times were removed. We used the Z 2 1 (Rayleigh) test (Buccheri et al. 1983) to search for signals, making a periodogram extending from 0.0001 Hz (10,000 s) to the Nyquist frequency (10 Hz). From 0.1 to about 750 s, there are no signals that reach the 3 σ significance threshold (after accounting for trials). Although there is a 3 σ peak at 769 s, it is the first of a series of peaks that increase in significance with increasing period, and we suspect that we are simply seeing evidence for aperiodic variability (Fig. 3) .
To determine the upper limit on the strength of a periodic signal, we folded the background subtracted light curve on 10,000 frequencies between 0.0001 Hz (10,000 s) and 1 Hz (1 s) using ten phase bins. For each trial frequency, we recorded the χ 2 value obtained when fitting a constant and also the amplitude of the folded light curve in terms of the maximum count rate minus the minimum count rate divided by the sum of these two quantities. From 1 s to 1000 s, 95% of the trials have amplitudes below 9.2%, indicating that this is the 2 σ upper limit on periodic signals in the 3-24 keV band. From 1000 s to 10,000 s, the highest amplitude is 19±4% (1 σ error), indicating a 2 σ upper limit of 27%. The implication of this upper limit will be discussed in Sec. 5.
Spectrum compatible with a CV
The NuSTAR and Swift/XRT joint spectrum of IGR J18293-1213 is presented in Fig. 4 . All the model fits were performed using XSPEC v.12.9.0. A simple absorbed power-law poorly fits the data ( line to account for the iron-line complex around 6.5 keV and sometimes an additional partial covering absorption component (e.g. Suleimanov et al. 2005; Mukai et al. 2015) . For IGR J18293-1213, a partial covering component is needed (χ 2 /d.o.f. = 298.4/191 down to 180.9/189 when pcfabs is added), and the Bremsstrahlung temperature given by the best fit is kT = 17.3 +5.7 −3.3 keV. Such a high temperature is a strong indication that this source is a magnetic CV (non-magnetic CV are characterized by lower temperatures, kT ∼ 1-5 keV, Kuulkers et al. 2006) . Among magnetic CVs, there are two subcategories: Polars and Intermediate Polars (IPs), based on the strength of the white dwarf magnetic field, strong and intermediate, respectively (Kuulkers et al. 2006 ). The hardness of IGR J18293-1213's spectrum, the relatively high luminosity of this source, its rather long orbital period and the absence of visible variability in its light curve are strong indications that IGR J18293-1213 is an IP (see Sec. 5 for more details).
IP spectral model
In IPs, accreted material, coming from the truncated accretion disk, follows the magnetic field of the white dwarf towards its magnetic poles. It experiences a strong shock before reaching the compact object and then cools on its way down. This column of cooling material produces the main source of X-ray radiation, and we used the spectral model IPM to account for its continuum component (Suleimanov et al. 2005) . Part of this emission is reflected onto the surface of the white dwarf, and we used the XSPEC model reflect to represent the continuum emission created by this second process (Magdziarz & Zdziarski 1995) . To account for the iron fluorescence lines which are not included in the previous models, we also added two Gaussian lines to our model. Therefore, the spectral model we used is the following: const * tbabs * pcfabs * (reflect * IPM + gauss + gauss), (1) where pcfabs takes into account the partial absorption which can be created by the accretion flow itself, and where tbabs models the column density towards the source. The Table 3 , respectively. The continuum components are the IPM model (dashes) and the corresponding reflection (dash-dots).
constant const accounts for imprecision in the instruments cross-calibration.
Constraints on the parameters
After setting the abundances to the values provided by Wilms et al. (2000) , the column density towards the source was fixed to NH = 4 × 10 22 cm −2 . This is the sum of the hydrogen contribution (∼ 1.3 × 10 22 cm −2 , average value given by the HEASOFT tool -Leiden/Argentine/Bonn Survey of Galactic HI) and of the molecular contribution (∼ 2.6 × 10 22 cm −2 , converted from the CO map 3 provided by Dame et al. 2001 ) estimated in the direction of IGR J18293-1213. When free to vary, this parameter is poorly constrained: NH = (4.3 +4.8 −2.5 ) × 10 22 cm −2 , but the value obtained is consistent with the above estimation.
The intensity of the reflection component depends on the fraction of the X-ray flux intercepted by the white dwarf, which is represented by a solid angle scaled to unity for an isotropic source above a disk extending to infinity. When left free, this parameter reaches Ω/2π ∼ 1.7, which is not physical for the source we consider. Therefore, we fixed this parameter to 1, i.e. to the highest meaningful value. In addition, the abundance of iron, AFe, was set to 1 compared to the abundance of elements heavier than helium, A, so the global abundance of the reflecting material can be directly compared to that of the sun.
The Gaussian line energies were fixed to 6.4 and 6.7 keV to account for the fluorescent lines Fe Kα and Fe xxv, respectively. In CVs these emission lines are observed to be 3 The antenna temperature of CO at the position of IGR J18293-1213 is W CO = 72 K km s −1 . We used this value and the conversion factors, N H 2 /W CO = 1.8 × 10 20 cm −2 K −1 km −1 s and N H /N H 2 = 2, to obtain the molecular contribution to the total column density, N H . (1) to the NuSTAR and Swift/XRT joint spectrum of IGR J18293-1213. The uncertainties listed correspond to 90% confidence intervals. The normalization constant is fixed to 1 for FPMA, and is 0.97 ± 0.04 and 0.8 ± 0.2 for FPMB and XRT, respectively. The X-ray flux of the source is 1.6 and 0.9 × 10 −11 erg cm −2 s −1 in the 0.1-100 and 3-20 keV range, respectively.
Model
Param Table 3 . The parameters of the IPM model are well constrained by the fit and the white dwarf mass we obtain, M wd = 0.78 +0.10 −0.09 M , is consistent with the typical mass generally observed for white dwarfs in IPs (e.g. Suleimanov et al. 2005; Yuasa et al. 2010; Hailey et al. 2016 ). In our system, the free parameter α of the reflect model is the inclination of the white dwarf magnetic field compared to the line of sight. The fit only gives an upper limit α < 60
• for this parameter. Finally, of the two emission lines added to our model, only the 6.4 keV line is significantly detected. Its equivalent width is EWFe Kα ∼ 160 eV, which is in the range of values typically reported for this type of source (e.g. Hellier & Mukai 2004 ). The 6.7 keV emission line is only marginally detected in our data set, so we report an upper limit on its normalization. Removing this component from our model does not change the continuum model parameters, except for the abundance of the reflection model which is then constrained to values less than solar.
PARAMETERS OF THE BINARY SYSTEM
Using the duration and the period of the eclipse, as well as the white dwarf mass constraints obtained in Sec. 3, we are able to derive precise orbital parameters for the corresponding binary system.
Binary system equations
The binary system is composed of a white dwarf of mass M wd and a companion star of mass M and of radius R . In IPs, there is evidence that the companion star is filling its Roche lobe, which means that its orbit should circularize on a short time scale (e.g. Hurley et al. 2002) . Therefore, we assume that our system has a circular orbit with an orbital separation a and an inclination i compared to our line of sight (with i = 90
• corresponding to an edge-on system). From Kepler's equations, we derive the following two relations,
where ∆t and T refer to the duration and the period of the eclipse, respectively (Sec. 3.1) and G is the gravitational constant.
As already stated, the companion star is filling its Roche lobe, so we also use the approximation of Eggleton (1983) to describe its radius,
Finally, the donor mass and radius follow an empirical relation derived by Patterson (1984) . The corresponding relation is discontinuous at M ∼ 0.8 M but can be approximated by,
This approximation is further justified by the comparison of the final parameters in Fig. 5 and in Sec. 4.2.
IGR J18293-1213 system parameters
Using the parameters of the eclipse, ∆t and T , derived in Sec. 3.1, we numerically solved the system of equations introduced in Sec. 4.1. The results are presented as functions of the system inclination i (Fig. 5) . We restricted the parameter space to the standard white dwarf mass range, M wd = 0.1-1.4 M , which corresponds to an orbital inclination i = 57.1-76.4
• , an orbital separation a = 2.0-2.4 R , and a mass M = 0.75-1.2 M for the companion star.
The parameters of the IGR J18293-1213 binary system can then be fully constrained by using the mass of the white dwarf obtained from our spectral analysis (see Table 3 and white dwarf mass (blue) and stellar mass (red). Bottom panel: stellar radius (red) and orbital radius (black). The parameter space was limited to the interval 0.1-1.4 M for the white dwarf mass, and the measurement obtained from the spectral analysis is delimited by the grey shade (90% confidence interval around the best fit value shown by the dashed line). For each parameter the thick line corresponds to the value derived using the mass-radius relation given in eq. (5) while the thin lines are obtained by using the discontinuous empirical relation given by Patterson (1984) . The results obtained are very similar and, in this figure, the thin lines are partly overlaid by the thick ones (e.g. for R ). M = 0.82 ± 0.01 M , R = 0.82 ± 0.01 R , a = 2.14 ± 0.04 R , and i = 72.2 ± 0.9
• . The uncertainties listed here only account for the propagation of the errors on the white dwarf mass through the system of equations presented in Sec. 4.1.
The systematic errors derived for the orbital period and the eclipse duration do not significantly change the constraints we obtain on the system parameters, except for the orbital inclination. As the eclipse duration increases, the curves presented in Fig. 5 shift towards higher inclination angles, leading to an inclination i = 74.6 ± 1.0
• when the eclipse duration reaches its upper limit ∆t 37.1 min.
We also tested the approximation we made by using eq. (5) instead of the empirical mass-radius relations given by Patterson (1984, eq. 3) . We solved our system of equations (2, 3, and 4) using both parts of his relation: (i) M 0.8 M and (ii) M > 0.8 M , and the results are plotted in Fig. 5 . As the relation of Patterson (1984) is discontinuous, both regimes (i) and (ii) can be verified for IGR J18293-1213. The parameters derived for the best fit white dwarf mass are within the error bars listed previously, except for M . The mass of the donor would be 0.78 or 0.85 M in regime (i) and (ii), respectively.
DISCUSSION AND CONCLUSIONS
Based on the orbital and spectral parameters we derived using the NuSTAR legacy program observations, we identified IGR J18293-1213 as an eclipsing Intermediate Polar. The inclination we derived for this source, i = (72.2
• , is consistent with the expectation that the system is close to being edge-on, based on the eclipses we detected. In this case, any strong misalignment between the orbital inclination i and the magnetic field inclination α would produce a self-occultation of the X-ray source at the white dwarf spin period 4 . Therefore, the non-detection of spin modulation might be an indication that the orbit and the magnetic field inclinations are not far apart (i.e. the inclination of the magnetic field could be close to the upper limit derived from the spectral analysis, α < 60
• ). The white dwarf mass M wd = 0.78
−0.09 M of this system is close to the average values published for the brightest known IPs (e.g. Suleimanov et al. 2005; Yuasa et al. 2010; Hailey et al. 2016 ). The average X-ray luminosity of this bright population is L 0.1−100keV ∼ 2 × 10 34 erg s
and IGR J18293-1213 would reach this luminosity if located at a distance d > 3 kpc. The high Galactic absorption anticipated from the source spectrum is compatible with such a large distance and this is therefore strong evidence that IGR J18293-1213 is not a Polar, since Polars tend to have lower accretion rates and therefore lower luminosities (L 3−20keV < 10 32 erg s −1 , Sazonov et al. 2006) . Furthermore, a distance of several kiloparsecs explains the relative faintness of IGR J18293-1213 compared to the previously identified IPs for which d < 1 kpc (Suleimanov et al. 2005 , and references therein). In addition, the sample of known IPs is probably not representative of the whole population. Indeed, the properties of the faint population of magnetic CVs can be investigated through their putative contribution to the Galactic Ridge X-ray emission: an average mass of about 0.5 M is anticipated for these unresolved sources in order to explain the level of emission measured in the hard X-rays (Krivonos et al. 2007 , and references therein). In this case, IGR J18293-1213 would be on the higher end of the IPs' mass distribution, even if populations with masses larger than 0.9 M have also been anticipated in the Galactic center region (Perez et al. 2015; Hong et al. 2016 ) and if systems with masses close to the Chandrasekhar limit have been reported (e.g. Tomsick et al. 2016) .
The donor star mass and radius, M = 0.82 ± 0.01 M and R = 0.82 ± 0.01 R , are compatible with the star being of type K, similar to those observed in other CVs having similar orbital periods (e.g. Knigge 2006 ). The near-IR counterpart reported by Karasev et al. (2012) 5 cannot be used to confirm this stellar type because, in IPs, this energy range is likely to be dominated by the accretion disk (Knigge 2006) . However, it can provide an independent estimation of the column density towards this source. Assuming a flat intrinsic spectrum and using the conversion factor provided by Cox (2000) , we derived the column density NH ∼ 2.6×10 22 cm −2 . Such a high extinction is expected for a distant source close to the Galactic plane (Galactic latitude b = −0.7
• ), and is therefore consistent with what has been inferred from the X-ray observations.
By improving the completeness of the hard X-ray Galactic faint sources, the NuSTAR legacy program 'Unidentified INTEGRAL sources' also aims at improving our knowledge of the luminosity functions of the different categories of sources and in particular to address whether there is a faint HMXB population. In this context, IGR J18293-1213 was successfully excluded from this putative population, and several similar observations are being made in order to help the identification of additional faint persistent sources. They will be the subject of future publications.
